Background: Schools and communities provide effective environments to change health behaviors in children and adolescents, particularly among minority populations. The purpose of this investigation was to systematically analyze community and school-based interventions aimed at increasing fruit and vegetable intake (FVI) among minority children. . The data extraction covered three phases, resulting in a total of eleven interventions that met the specified inclusion criteria. Results: Among the studies identified, ten interventions produced significant outcomes on observed variables. The majority of the programs incorporated multicomponent approaches aimed at increasing FVI and antecedents of FVI behavior. Eight of the interventions applied social cognitive theory, one reported use of other theories, and two did not apply theory. None of the interventions reviewed employed process evaluation. Conclusion: While both school and community-based interventions utilized over the past decade have separately shown significant impacts on changing dietary behaviors in children, community members and organizations can serve as supplementary approaches to partner with schools and design even more successful interventions based on these combined resources. School and community-based interventions have had a great deal of success in impacting self-efficacy levels as well as actual eating behaviors in children; however, the school and community-based interventions reviewed both noted lack of resources as a limitation. Therefore, combining these resources has the potential to help create more high-quality studies from which to draw evidence-based conclusions on the most effective means of impacting health behaviors among minority children in the school and community settings.
Introduction
Obesity prevalence rates among school-aged children and adolescents have reached alarming levels during the last three decades, both nationally and internationally, 1, 2 increasing almost four-fold from approximately 5% to 19% among children aged 6-11 years of age in the USA. 2, 3 The burden of obesity is disproportionately experienced by minority groups and low-income families in developed countries. 4, 5 Data from the 2009-2010 National Health and Nutrition Examination Survey 6 showed significant differences by race/ethnicity, with Mexican Americans being significantly more likely to have a high weight-for-recumbent length than non-Hispanic whites. 4 This same survey revealed a significant difference in the prevalence of obesity among minority children, including non-Hispanic black, Hispanic, and Mexican-Americans, when compared with non-Hispanic whites. Several studies noted that while the prevalence of overweight in US children has increased by 45% over the past two decades, [7] [8] [9] the increase for African-American girls was 120%. 10 Healthful eating is well documented as a behavior targeted to reduce disease risk in both children and adults. 11 Increased consumption of fruit and vegetables has been associated with decreased incidence of and mortality from chronic disease, including cardiovascular disease, stroke, hypertension, diabetes, obesity, and certain cancers. 12 Adopting a healthy diet, such as increased fruit and vegetable intake (FVI), should begin early in life. 13, 14 On the contrary, inadequate FVI has been deemed a significant risk factor for childhood obesity, and may be associated with a higher risk of development of many chronic diseases in adulthood, such as obesity, cardiovascular disease, diabetes, and cancer, 15 creating a strong need to encourage children to cultivate preferences for these particular foods. 12, [16] [17] [18] [19] [20] [21] Although intake of lowcalorie, nutrient-dense fruit and vegetables is associated with increased long-term health and a reduced risk of obesity, the current food environment, particularly in lower socioeconomic communities, is not one that encourages children to develop preferences for healthy foods. [20] [21] [22] Children in the USA are consuming far less that the recommended amounts of fruit and vegetables per day. 23 Currently, less than an estimated 10% of youth nationwide consume four to five servings of fruit and vegetables each day. 24 Among minority children, findings suggest this group has less frequent consumption of fruit and vegetables than the majority of their non-Hispanic peers. 25 On average, non-Hispanic blacks and Mexican-American children consume 1.55 servings of fruit and vegetables daily compared with their non-Hispanic white peers who consume an average of 3.6 servings of fruit and vegetables daily. 25, 26 Another study reported that children and adolescents from lower socioeconomic groups consume fewer fruit and vegetable servings than those from higher socioeconomic groups. 27 Thus, interventions targeting FVI in minority children are imperative and have the potential for significant impact on overall quality of life, including obesity-related conditions and decreased risk of morbidity and mortality in adulthood. 28 While minority children may lack accessibility to fruit and vegetables in the home, which may affect overall fruit and vegetable consumption, these foods are often available to children who partake in the US Department of Agriculture's National School Lunch and Breakfast programs. 29, 30 However, even with this accessibility, many children are not familiar with these foods, have not developed a preference for them, and will not eat them when provided with a choice to do so. 31 While children are born with a preference for energy-dense foods that are sweet and salty, previous studies have shown that when given the opportunity, children become more accepting of new foods as they grow older and can develop a preference for many foods that they initially refuse. [32] [33] [34] [35] [36] Schools have been identified as central environments in which to beneficially impact children's lives, including health behaviors. 37 Schools provide a reassuring environment where educators can serve as role models and young children can develop preferences for healthy foods at a young age, before poor dietary behaviors have been fully developed. 38 However, changing behaviors in children is not as simple as providing them with information; successful programs must combine education with feedback, role modeling, and exposure. 39 Previous studies have examined multicomponent school-based programs that have been designed and tested to encourage and increase FVI in children, but these interventions have produced unclear results and often require more resources than are available to the schools. [40] [41] [42] Communities have the potential to partner with schools and may play a crucial role in the development of successful interventions aimed at increasing FVI in children and adolescents by including opportunities for cooking classes, recipe preparation, garden engagement, and food cooperatives, as well as providing resources not available in schools. 21, 43, 44 Given these results, public health interventions for reducing overweight and obesity prevalence rates among minority populations are critical. 12, [16] [17] [18] [19] [20] [21] Therefore, the purpose of this investigation was to systematically review and synthesize community and school-based interventions aimed at increasing FVI among minority children.
Materials and methods
Inclusion criteria for this review were: i) prevention studies ii) of any quantitative design iii) published in the English language iv) conducted both nationally and internationally v) between 2003 and 2013 vi) that targeted both antecedents to FVI and/or actual FVI, vii) were multicomponent interventions, viii) targeting school-aged children ix) in the community or school environment. Exclusion criteria included interventions i) that were ongoing, ii) conducted exclusively in the home environment, iii) did not prioritize minority (specifically Native American, Hispanic and African-American) children, iv) and were not indexed in one of the following databases: Cumulative Index to Nursing and Allied Health (CINAHL), Medline, Education Resources Information Center (ERIC), Academic Search Premier, and Cochrane Central Register of Controlled Trials (CENTRAL).
The data extraction process consisted of three phases (see Figure 1 ). Phase 1 incorporated Boolean search logic to obtain the first round of articles from the CINAHL (n=3), ERIC (n=5), MEDLINE (n=8), Academic Search Premier (n=18), and CENTRAL (n=2) databases. Phase 2 further distilled the identified articles, by removing duplicates (n=2), studies that did not employ interventions (n=10), were irrelevant to the research question (n=5), and review articles (n=1). During phase 3, the refined list of articles (n=18) was reviewed independently by two researchers to ensure consistent adherence to inclusion/exclusion criteria.
Results of the independent analyses confirmed that four of the studies were ongoing and three included a home-based component. Therefore, these articles were not studied in this review. Lastly, descendent search of all references cited from the articles identified in phase 3 was conducted to locate publications that did not populate during the primary search process. No additional studies were identified with this process.
Results
The completed data extraction process resulted in eleven studies that satisfied the inclusion and exclusion criteria (see Figure 1 ). • increased nutrition knowledge for children in treatment 1 (P,0.001) • Increased self-efficacy to consume fruit, drink juice, eat fruit instead of a favorite dessert/cookies/candy and consume recommended number of Fv each day (P,0.001) • Decreased preferences in fourth grade students for certain healthy foods (P,0.001), while fifth graders preferences for the same items did not change
• 10 session (10-week) program measured baseline and post-intervention • interactive multimedia game • 4 days of dietary assessment during two-
week baseline prior to program and 4 days of post dietary assessment two weeks after program • each child completed 2 sessions of "Squires Quest!" per week for 5 weeks
• FiRSSt 47 • Fv, and fruit juice preferences • Self-efficacy • Fruit-juice and vegetable recipe preparation goals
• increase in fruit, fruit juice, and vegetable servings was achieved at post assessment (P,0.001) • Girls achieved more recipe preparation than boys • Hispanic children achieved higher levels of fruit-juice and vegetable recipe preparation • Sex (female) (P,0.05), higher baseline vegetable preference (P,0.001), and having a mother with a college education or more (P,0.05) were significant predictors of post-vegetable consumption • 12-week program measured baseline and post-intervention (1 week before and 1 week after) • 90-minute weekly sessions included: 45 • improvements preferences for vegetables overall (P=0.06), but not fruits • 2.1-point (16%) increase in preference for vegetables overall among overweight and obese subgroups (P=0.009) • 3.9-point increase in preference for vegetables overall among female participants (P,0.05) • Treatment 1 was 54% more likely to report that "vegetables from the garden taste better than vegetables from the store" (P,0.05) • Treatment 1 showed a greater change in perceptions that cooking is easy (P,0.001) and gardening is easy (P,0.05) • Treatment 1 participants showed increase in self-efficacy from preintervention to post-intervention • Reductions in weight among treatment 1 participants were associated with increased preference for vegetables (P=0.09) and fiber from fruit (P=0.08)
Motivation for eating Fv, preferences for Fv and unhealthy foods, self-efficacy for eating FV, and cognitive knowledge • F&v Food Frequency Questionnaire
• Higher scores on knowledge measure at posttest (P=0.02) and marginally lower on preference for unhealthy foods (P=0.07) • Students exposed to more than 2 components of program scored significantly higher on FVI, self-efficacy and knowledge (P,0.05) and significantly lower on preference for unhealthy foods scale (P,0.01) • increase in mean daily vegetable intake among girls in treatment 1 compared with treatment 2 (P=0.03) • No differences in BMi z-score or any other anthropometric measures between treatments 1 and 2 at 1-year and 2-year follow up • All girls reported increases in mean intake of sweetened beverages, but treatment 1 group had 0.19 fewer servings per day than treatment 2 at 2-year visit (P=0.08) • Treatment 1 group reported increased water consumption from baseline and at 2 years had 0.21 more servings per day than treatment 2 (P=0.02) • PA did not differ significantly between the 2 groups at either The "Smart Bodies" 45 intervention was conducted in Baton Rouge, LA, USA, among low-income minority children enrolled in urban public elementary schools, where over three quarters of students were enrolled in the National School Lunch Program. Participants completed a 12-week program delivered by teachers in the classroom. Overall, the researchers noted that the study was effective in improving knowledge of healthy nutritional practices and self-efficacy to consume fruit and vegetables; however, further research is necessary to determine the most effective age and number of tastes necessary to bring about sustained change in fruit and vegetable preferences.
The "Squire's Quest!" 46 intervention was conducted in Houston, TX, USA, among low-income minority children enrolled in elementary schools, where approximately 40% of students were enrolled in the National School Lunch Program. FIRSSt (Food Intake Recording Software System), 47 a computerized 24-hour dietary recall program, was utlized by students to record FVI. Overall, the researchers noted that the study was effective in increasing FVI; however, recipe goal setting seemed to be a more useful procedure for those with higher baseline consumption. More high-quality research is necessary to understand the complex relationship between goal setting and achievement for recipe preparation and dietary intake.
The "LA Sprouts" 49 was a pilot study conducted among fourth and fifth grade, predominantly low-income, high-risk Latino children in Los Angeles, CA, USA, where 94% of the student body was eligible for free or reduced-price school meals. Preferences for vegetables, but not fruit, as well as self-efficacy to cook and consume fruit and vegetables showed increases in the treatment group post-intervention. Reductions in weight among the treatment participants were associated with increased preference for vegetables and fiber from fruit.
"Sprouting Healthy Kids" 48 is a posttest only control group intervention that was conducted in Austin, TX, USA, among low-income minority children enrolled in five ethnically diverse middle schools where approximately 70% of students were enrolled in the National School Lunch Program. Overall, students who were exposed to more than two components of the program scored significantly higher on FVI, self-efficacy, and knowledge, and lower on preferences for unhealthy foods. The farmer visit component had the largest treatment effect on participants' FVI, and FVI increased by 0.352 servings for every additional component of intervention exposure.
The Memphis GEMS 50 was an intervention conducted among preadolescent African-American females who were overweight or obese. The first treatment group reported increased water and vegetable consumption from baseline, and reported higher FV servings per day than the second treatment group at the 2-year follow-up visit. Physical activity measurements did not differ significantly between the two groups at either the one-year or 2-year visits. Researchers noted that interventions targeted to this population need 51 was a pretest-posttest intervention conducted among children aged 6-12 years who were active participants in the Boys and Girls Club gardening program in Pomona, CA, USA, and the majority were Hispanic (83%). Participants completed a 4-month program measured at baseline and post-intervention. Overall, the average number of daily fruit and vegetable servings increased and the average number of daily chip servings decreased, showing an upward trend in fruit and vegetable snack preference. Researchers stressed the importance of the gardening curriculum used with Hispanic children and youth as a way to improve diet in this population.
"Every Day, Lots of Ways" 52 was an multicomponent intervention conducted among kindergarten and first grade African-American students attending an under-resourced urban school in the northeastern USA, where 95% of students at the school received free breakfast and lunch. An increase in nutrition knowledge was found in the treatment group, with no differences between knowledge scores for the treatment group at posttest and one-month follow up. There were no significant changes in vegetable consumption among the treatment group from preintervention to post-intervention, and the post-intervention rates were similar to those of the waitlist control. Mean daily vegetable intake for experimental group was 3.21, mean daily intake for waitlist control group was 3.27 servings per day. Researchers noted that the limitations of this study could be directly correlated with variable findings and this type of intervention should be explored further for more accurate measures of effectiveness.
"Students and Parents Actively Involved in Being Fit" 53 was a one-group pretest-posttest intervention conducted in the USA among African-American students aged 10-12 years and their parents/guardians (average age 40.6 years). There were significant decreases in body mass index (BMI) z-score, body fat percentage, resting diastolic blood pressure, and walk/run time in parents/guardians, as well as significant decreases in resting systolic and diastolic blood pressure in children. There was also an increase in fruit consumption in both parents/guardians and children and improvements in fruit juice, salad, and nonfried potato consumption in children. Researchers noted that children gained more diet-related benefits while parents/guardians gained more fitness-related benefits; however, the intervention was effective at changing short-term behaviors.
"Go Girls" 54 was a randomized controlled trial conducted among adolescent African-American females from ten predominantly middle socioeconomic status churches in the USA, where participants were 12-15 years of age with a BMI z-score above the 90th percentile for age and sex. Parents were invited to attend every other session. There was no significant difference in BMI z-score at the 6-month follow-up in the treatment group that received the high-intensity individual/ family level intervention. Females in treatment group who attended more than three quarters of the sessions had significantly lower BMI z-score, weight, waist and hip circumference, and body fat percentage compared with females in the same group who attended fewer sessions. Researchers noted the benefits among high attenders, despite null results. "One Body, One Life" 55 was a one-group pretest-posttest intervention conducted among children 7-16 years of age and adults from local schools and community groups in Coventry, UK, where one or more members of the family were underweight, overweight, or obese. Families were ethnically diverse and from deprived areas in Coventry. There was a significant reduction in the amount of chips, crisps, sweets, and fizzy drinks consumed per day for children; there was also a reduction in fast food consumption (significant for parents, but not for children). Significant changes in knowledge, physical activity, and fruit and vegetable portions consumed daily were found for both children and adults. Overall, the number of participants consuming five or more fruit and vegetable portions a day increased from 21% to 33%.
"Aventuras Paras Niños" 56 was a randomized controlled trial conducted among Latino parents and their children (ages kindergarten through second grade) in San Diego, CA, USA, with families who had no major health problems and lived within school attendance boundaries. There were no significant effects on children's BMI z-scores; in fact, the proportion of children classified as obese increased in all at the final measurement except in the treatment group that received the high-intensity individual/family level intervention. There were no significant effects on parent BMI or BMI category. There was a significant increase in parent-reported child physical activity, reduced child frequency of watching television when getting ready for school, increased child's daily consumption of fruit and vegetables, and increased behavioral strategies that a parent uses to decrease dietary fat intake. Researchers noted that parental monitoring of children's eating and activity significantly mediated healthy behaviors.
Discussion
The purpose of this investigation was to systematically review interventions conducted between 2003 and 2013 that targeted increased FVI in minority children in the context of community and school environments. Of the eleven interventions evaluated, one was conducted in the UK and ten were implemented in the USA. With obesity being an epidemic of tremendous proportions among children and adults around the world and the limited number of interventions conducted over the past decade, it would be highly advantageous to design and evaluate interventions similar to those mentioned in this article in other countries.
Based on the increase in minority populations in the USA, along with the overwhelming prevalence of obesity, it is natural that the majority of the studies conducted recently would arise from the USA; however, the global burden of these issues necessitates more interventions that target minority populations in the school and community environments around the world. Conducting a greater number of interventions in areas outside the USA would provide insight into effective future program implementation around the world.
While both the school and community-based interventions utilized over the past decade have individually shown significant impacts on changing dietary behaviors in children, the results of this review reveal that community members and organizations can serve as supplementary approaches and partner with schools to design even more successful interventions based on these combined resources. Multicomponent school-based interventions have had a great deal of success in impacting self-efficacy levels as well as actual eating behaviors in children through classroom and cafeteria components, while multicomponent communitybased interventions have noted significant effects from utilizing hands-on gardening programs and environmental and policy changes. However, both the school and community-based interventions reviewed noted the lack of resources (space, time, financial, and personnel) as a limitation, specifically with multicomponent interventions. Therefore, combining these resources by creating multicomponent school-based programs that include community components, such as farmers market visits, master gardener classes, and concurrent environmental and policy changes, has the potential to help generate more high-quality studies from which to draw evidence-based conclusions regarding the most effective means of impacting health behaviors among minority children in the school and community settings.
intervention design Strengths
Multimedia formatted games, 44, 46 as well as numerous types of hands-on activities, 44, [49] [50] [51] [53] [54] [55] [56] were utilized to promote increased asking behavior, food preparation, produce shopping, fast food selection, problem solving, goal setting, self-regulation, and self-reward skills in relation to FVI. These interactive sessions also measured fruit and vegetable preference and self-efficacy for FVI. Four of the interventions 44, 48, 51, 55 attempted to increase knowledge by including educational activities and lessons, and were designed with a specific 
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Fruit and vegetable interventions for minority children curriculum tailored toward increasing FVI or preferences for fruit and vegetables. Several interventions had a garden-based design 49 or included a farm component, [48] [49] [50] [51] and encouraged increased preference based on involvement in the process of growing foods and developing preferences for foods from the garden. Researchers from one study 49 noted the feasibility of a cooking, nutrition, and afterschool gardening program in a garden-based setting, and suggested that such an intervention may be effective in influencing attitudes, perceptions, and preferences for fruit and vegetables. However, because this type of intervention has not been frequently implemented, additional evaluations of similar interventions are necessary to further understand the efficacy of garden-based interventions with regard to increasing FVI in minority children.
Approximately two thirds of the interventions (n=7) targeted children as the sole agent of change, 44, 46, [49] [50] [51] [52] while the remaining interventions included parents in the intervention process (n=4) to varying degrees. Parental involvement in weight loss interventions has been effective with younger children in previous studies, and could translate to interventions focusing on dietary behaviors. 52 All of the examined studies utilized a quantitative design, with six employing a randomized controlled trial design. 44, 46, 48, 52, 54, 56 While each type of design has both strengths and weaknesses, randomized controlled trials are the most rigorous and offer the strongest control against threats to both external and internal validity.
Limitations
Of the studies that did not employ a randomized controlled trial design (n=5), one employed a posttest-only design, 50 three employed pretest-posttest design, 51, 53, 55 and one employed a quasi-experimental design. 49 Four of the interventions did not incorporate a control group, which limits the ability to rule out confounding variables. 51, [53] [54] [55] While the randomized controlled trial design offers the most rigor of all the designs, they are not always possible to conduct due to limited resources. Quasi-experimental interventions are often used when randomized controlled trials are not possible; however, they lack randomization and create a substantial threat to internal validity.
One of the examined studies included formative research focus groups to help determine themes and develop culturally appropriate messages. 54 However, no other cultural tailoring was reported in the remainder of the studies, which serves as a significant limitation. One study 56 reported using Health Belief Model, 57 but did not explain specifically how the model was used in program development. Cultural tailoring, defined by Pasick et al 58 as "the development of interventions, strategies, messages and materials to conform with specific cultural characteristics", is critical to the success of programming in diverse populations. Long-term lifestyle behavior change may be achievable if populations are provided with culturally appropriate programs that have a sense of local ownership. 59 Health messages and intervention strategies should be tailored based on baseline child weight categories, minority status, and age, amidst other factors. 56 While several interventions targeted parents along with children, parent involvement was not easily ascertained due to work schedules and a number of other factors. [53] [54] [55] [56] To determine the effectiveness of parental involvement in interventions such as these, parental involvement should be consistent and purposeful. Also, while the focus on Latino or African-American populations provides further insight into developing appropriately tailored messages for these populations, it limits the generalizability of the results unless the study can demonstrate external validity. Most of the studies did not have a physical activity component, making it impossible to examine the concurrent effects of increased physical activity on dietary behavior change. 44, 46, [49] [50] [51] [52] intervention implementation Strengths Theory-based interventions offer many advantages over interventions that do not employ a specific theory, such as reduced intervention dosage, increased likelihood of behavior change, and efficient allocation of resources. 60 Interventions based on theory can help understand existing behavior and guide the design implementation so that interventions are accurately targeted. Of the eight studies that utilized social cognitive theory for intervention design and implementation, six reported operationalizing constructs included in this theory, the majority focusing on self-efficacy for making healthy food choices. 44, 46, 48, 49, 54, 56 Application of theory-based interventions, specifically social cognitive theory, in the design and implementation of fruit and vegetable interventions can substantially enhance this effort to create healthy behavior change by providing a consistent framework. 61 The multicomponent nature of the implementation of these programs inherently recognizes the necessity of approaching behavior change from multiple perspectives, realizing the complexity of individuals and that focusing on a singular component may not change behavior. The duration of the interventions ranged from 5 weeks to 3 years, with the Pediatric Health, Medicine and Therapeutics downloaded from https://www.dovepress.com/ by 54.70.40.11 on 15-Dec-2018 For personal use only.
majority being approximately 10-12 weeks long. Goal selection/setting for recipe preparation was used in several of the studies, where each participant was guided to select a fruit and vegetable recipe from a list and was then able to prepare that recipe through the use of a online computer program, in an on-site kitchen or at home. 46, 50, 55, 56 One study realized the benefit of creating an environment of "inclusivity" during the implementation process, even noting that this type of atmosphere has the potential to reduce negative attitudes towards overweight/obese people by encouraging them to work together towards a common goal and could also provide numerous benefits at a societal level. 55 This concept of inclusivity could be affected by culture, which is defined as a system of shared understanding that shapes and, in turn, is shaped by experience. Culture is a learned concept, and among minority populations, is distributed within a group in that not everyone possesses the same knowledge, attitudes, practices, or interpretable methods of communication. Among these groups, there are a host of differences pertaining to obesity, such as understanding of its cause, course, and cure, the extent to which it is perceived as illness, perception of attractive versus unattractive physical appearance, and perception and valuation of a healthpromoting diet. Many cultures even have dramatic variations in traditional diets, with globalization being associated with fewer home-cooked meals, more calories consumed in restaurants, increased snacking between meals, and increased availability of fast foods in schools.
Community engagement in the majority of the studies showed the potential effectiveness of involving communities in changing dietary behaviors in children. 49, 50, 51, [53] [54] [55] [56] Involving the community when attempting to change behavior continues to substantiate this notion that behavior change does not occur in one single domain, but must be taken into account by viewing the individual as a whole, ie, as part of a family, social network, and community.
Because making healthy food choices is a lifelong process, it is necessary to develop more interventions that include longterm evaluation of food preferences and choices associated with these preferences in an attempt to reduce the risk of obesity and other associated diseases.
While goal setting is a procedure that is frequently used to change behavior, there is little evidence relating goal setting to dietary behaviors in children, such as setting goals to prepare recipes. 61 Also, home availability in low-income homes for all types of vegetables was not taken into account.
Lastly, goal setting was verified by parental confirmation, which could limit the validity of the results. This could also suggest that goal setting may be an even stronger predictor of change if goal achievement data were more valid.
Resources were a limitation in several of the studies. While many of the interventions used classrooms, the limited capabilities of site kitchens as well as the availability of other concurrent activities for children posed a threat to the fidelity of implementation in one study. 51 There could be potential difficulties with attempting to incorporate recipe preparation activities into an intervention without access to a kitchen. Also, the number of staff necessary to implement the intervention served as a significant limitation in one study, resulting in higher staffing costs than originally figured and a longer implementation time required. 54 In another study, recruitment of students and parents was an unplanned challenge, creating the potential for selection bias. 48 In one study that specifically focused on reducing BMI z-scores, program staff noted that implementation should focus on parallel environmental and policy changes to improve the contexts for dietary behavior change. 50 Examining multiple levels of influence on behavior has the potential to provide more effective programming by targeting taste preferences and habits, nutritional knowledge and skills, patterns within peer groups, friends and family, and environmental factors that affect food access and availability. Ecological frameworks are gaining momentum among researchers because they provide a means of approaching parallel contexts to effect behavior change. Studies have shown 63 that increasing FVI among minority populations is the interplay of personal, cultural, and environmental factors that can be described using the socioecological model. 64 Employing an ecological framework would be beneficial for researchers attempting to incorporate both the school and the community as components of a larger-scale intervention as it would help provide a more thorough understanding of the multiple factors and barriers that impact dietary behaviors and could also help to provide guidance for developing culturally appropriate intervention strategies. 64 intervention evaluation Strengths Students completed dietary assessments in six studies, some using a validated food recording system, some measuring intake through parental proxy reporting in a food frequency questionnaire, and the rest using child self-report. 46, 48, 51, 53, 55, 56 Seven of the studies had sample sizes between 100 and 1,600, which can provide a more representative sample and 
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Fruit and vegetable interventions for minority children limit the influence of outliers as well as produce results among variables that are significant. 44, 46, 48, 50, [54] [55] [56] Data were collected at baseline in ten of the eleven studies; however, posttest evaluation procedures and time intervals differed. Two of the post-intervention evaluations were conducted at 2-year follow up, 50, 56 one evaluation was conducted at one-year follow-up, 54 and in the rest 44.46,48,51,53,55 immediately following the intervention (n=6), one week afterwards 49 (n=1), and one month later 52 (n=1). One specific study performed process evaluation to ensure classroom implementation integrity, lunchtime implementation integrity, teacher and classroom assistant satisfaction, and student satisfaction. 52 This type of evaluation helps to ensure program fidelity.
Objective measures such as BMI z-score were measured in multiple studies, as well as blood pressure, total body water, visceral fat, and hip and waist circumference. 49, 50, 51, 53, 54 Objective measures often provide a more accurate view of behavior and are beneficial to examine along with subjective measures such as knowledge, preferences for foods, and self-efficacy.
Limitations
A signif icant limitation as noted by the researchers was that the majority of the assessments were based on participant recall, which is subject to bias as a result of human error and minimizes the likelihood of detecting a relationship. 44, 46, 48, 49, 51, 53 While the majority of sample sizes were large, the small sample sizes in several studies limit the validity of the results. 49, 51, 52, 53 While recipe goal setting was significant in increasing FVI, recipe goal achievement at home was verified by parents, again limiting the validity of the results. 46 Although students completed multiple days of dietary assessment using a validated computerized program, ie, FIRSSt (Food Intake Recording Software System), 47 responses were based on participant recall, which could include bias as a result of human error. Other than the one study mentioned earlier, evaluation was not discussed in any of the remaining ten studies. Process evaluation refers to measuring if the program is delivered as intended, and is an important part of any intervention because it can help determine program fidelity. Programs with high fidelity can rule out poorly implemented program components as a reason for any nonsignificant findings. Failure to evaluate program fidelity makes it difficult to confirm if nonsignificant program outcomes were due to ineffective intervention components or inadequate delivery of the intervention curriculum. Future intervention studies should use process evaluation in order to help determine efficacy of program components.
Self-report measures can be helpful in understanding behaviors; however, they can provide inaccurate results based on human error. Seven of the included studies 49, 50, 51, [53] [54] [55] [56] assessed anthropometric measurements along with behavioral measurements, while four of the studies 44, 46, 48, 52 assessed behavioral measurements only, and three of these 44, 46, 48 based these behavioral measurements solely on participant self-report. One study 56 applied parental-proxy report of behaviors for self and child. To determine the objective efficacy of interventions, anthropometric measurements, such as BMI z-score, should be assessed along with behavioral self-report.
Practical implications and recommendations for enhancing community and school-based interventions
Interventions aimed at increasing FVI among minority children should not only incorporate education, but also focus on changing preferences by involving children in concrete experiences of food. For example, food preparation, tasting activities, agricultural education, and school gardens should be used to help children develop a personal connection with their food and an enduring relationship with healthy food choices, 56, 64, 65 which is where the community-school partnership could potentially be extremely effective, providing resources for education in the schools and hands-on experience in the community. Based on the multicomponent nature of these studies, future research should focus on determining the effectiveness of specific components to help guide intervention design. Viewing parents as agents of change in the family and incorporating them to a greater extent in the interventions could potentially result in more significant outcomes. Interventions incorporating these objectives should prioritize evaluation. Parents could record dietary as well as physical activity behaviors as proxy for their children; however, more objective measurement tools, such as accelerometers, pedometers, and anthropometric measures, should also supplement these records.
Although multicomponent school-based interventions can be effective in changing the behavior of children, they can also require more resources than are accessible, both financial and personnel-related. Given the current economic climate, costs of program delivery have become substantial limitations in many schools and communities. While some health education programs such as "Smart Bodies" are designed to use existing resources, many programs such as "Go Girls" end up requiring more resources than are available. In this study, the intervention required a larger number of staff than initially expected, which resulted in higher than anticipated staffing costs, extension of program delivery time, and scheduling complexities. However, by pooling resources, community members and organizations can serve as supplementary resources to partner with schools and design more successful interventions with reduced costs and increased access to these resources. Interventions with greater cost-effectiveness have the potential for increased sustainability over a longer period of time. These potential community-based resources and partnerships should be explored when designing future evaluations. Also, research has shown that family-based treatment may be more cost-effective for families with overweight/obese children and parents as opposed to treating the parent and child separately. 66 Given the impact that parents have on the dietary behaviors of their children, these research findings should be considered when designing health education interventions, and should target both parent and child simultaneously.
Today's children aged 8-18 years consume multiple types of media and spend more time (approximately 44.5 hours per week) in front of computers, televisions, and game screens than any other activity in their lives except sleeping. 67 A great deal of research has found multiple associations between increases in advertising of non-nutritious foods and rates of childhood obesity. 67 With the rise in consumption of fast food in developed and developing nations, and the existing knowledge that fast food typically incorporates many potentially adverse dietary factors that contribute to obesity in children, 68 the authors believe that multicomponent interventions would benefit by including a component geared towards affecting the marketing of fast food to children. An example of this is the "Aventura Para Niños" study, 56 which was developed based on a socioecological framework designed to promote health in Latino communities and included an environmental component that specifically targeted local fast food restaurants. However, as noted in this study, making environmental changes is challenging and complicated, necessitating the involvement of community members, leaders, and stakeholders. Access to increased resources through school and community collaboration could generate a greater ability to effect change at this environmental level. Also, at the interpersonal level, while the correlation between dietary behaviors and peer influence is still somewhat unclear, the authors believe that including a peer influence component to help understand this relationship better could help strengthen multicomponent interventions.
While social cognitive theory has often been used successfully in changing dietary behaviors, such as increased FVI, it would be beneficial to examine this behavior on multiple levels to include the influences of the family, community, and environment by combining social cognitive theory with an ecological approach. In studies targeting FVI among minority groups, those that used the socioecological model were more culturally appropriate and sensitive to the characteristics and realities of the target population based on their capacity to examine personal, cultural, and environmental factors. 68, 69 Based on the knowledge that theory-based interventions can generate significant outcomes, it is imperative that researchers operationalize constructs from the theory on which their intervention is founded to determine the effectiveness of the theory and correlation with specific behavior changes. This process can help to determine which theoretical constructs work and to what extent more effective intervention designs can be developed.
Disclosure

